2014]. Such genetic profiles make modeling these diseases for therapeutic discovery even more challenging. Thus, the use of bioinformatic approaches for prioritizing genes for further study should prove useful in this regard.
Typical workflows for elucidating therapeutic pharmacological compounds include assaying function, efficacy and safety using animal models. A caveat to the study of cognitive disorders in model systems is the idea that many of these disorders are unique to humans [Crespi et al., 2007; Lepp et al., 2013] . Some of this argument is tautological due to the inclusion of disruption to human-specific traits such as 'language' as part of the diagnosis. Therefore, it would be virtually impossible to define such a disorder in another species, such as our closest living relatives the chimpanzees. Also, given the limitations we have in observing large numbers of nonhuman primates in either natural or laboratory settings, we will likely always be underpowered for observing similar phenotypes in these species. Therefore, the majority of investigators in the field must make the assumption that the constellations of phenotypes, both behavioral and pathological, that occur in each of these disorders are unique to humans. However, the human brain was not built from scratch, and much of the brain's basic circuitry and molecular mechanisms are conserved at least back to commonly used laboratory models such as rodents. Much can therefore be learned about these conserved neurobiological processes by studying the brains of mice or rats [Oh et al., 2014] . Furthermore, much can be learned about specific genetic molecular mechanisms in these model systems. Unfortunately, however, drugs that 'cure' cognitive disease-like behavior or pathology in rodent models often fail to ameliorate symptoms in patients during clinical trials (e.g. solanezumab or bapineuzumab for the treatment of Alzheimer's disease) [Doody et al., 2014; Salloway et al., 2014] . The use of information about what makes a human brain unique in the design of these animal models could potentially increase the efficacy of future drug studies.
The methods to obtain and define potential human brain-unique features are diverse. Here, we assert that by studying changes in gene expression unique to the human brain we can identify salient genomic features relevant to both brain evolution and cognitive diseases. This logic follows from the observation of disruption to human cognitive specializations in such diseases and the significant overlap of genes identified in cognitive diseases with those that show evolutionary changes in expression, specifically in the human brain. Two major approaches are discussed. The first approach is to focus on single genes with known association to human specializations, such as language or cognitive disorders. Thus, we will detail findings pertinent to the gene encoding FOXP2 , which has been linked to language, autism and schizophrenia, and has also undergone important changes in the human lineage from a molecular evolution perspective [Lepp et al., 2013] . The second approach is to take a broad hypothesis-generating strategy through the use of comparative genomics from brain tissue of humans and non-human primates. Using advanced genomic techniques, such as RNA sequencing (RNA-seq), combined with bioinformatic prioritization techniques, such as weighted gene coexpression network analysis (WGCNA), can lead to the identification of novel human brain expression patterns that may be important for cognition [Konopka and Geschwind, 2010] . Using both of these approaches can be most effective for identifying patterns of gene expression unique to the human brain. What remains the most challenging step is how to study the function of these human patterns in pertinent model systems in order to provide insight into both cognition and disorders of cognition. We therefore present the use of both human cellular models as well as humanized animal models as the most suitable options for functional follow-up studies.
Decoding Cognitive Disorders Using an Evolutionary Perspective

Human Brain Evolution and Autism
Cognitive disorders such as autism or schizophrenia are often thought of as human-specific disorders due to the disruption of higher cognitive functions of the brain. Autism, or autism spectrum disorder (ASD), is a neurodevelopmental disorder with complex genetics, characterized by impaired communication and social interactions, as well as repetitive or stereotyped behaviors and interests [American Psychiatric Association, 2000; Toro et al., 2010; Bowers and Konopka, 2012; American Psychiatric Association, 2013] . The prevalence of ASD overall is approximately 1 in 100 in the USA, and 1 in 160 worldwide, making ASD a major public health problem around the world [Baird et al., 2006; Fernell and Gillberg, 2010; Elsabbagh et al., 2012] . Similar to other neuropsychiatric disorders, one of the features of ASD is the occurrence of the disorder approximately four times more frequently in males than females [Chakrabarti and Fombonne, 2001; Fombonne, 2005; Robertson, 2008; Werling and Geschwind, 2013] .
There have been many insights made into various biological underpinnings of ASD. Many of the genes that are responsible for this disorder still remain mostly unknown; however, recent sequencing studies have predicted that over 1,000 genes may be involved [Sanders et al., 2012] . Genetics has proven especially powerful to investigate the potentially diverse molecular mechanisms underlying ASD. The genetic architecture of ASD is highly heterogeneous and likely includes the combinations of alleles with high or low penetrance [Berg and Geschwind, 2012; Krumm et al., 2014] . In addition, alterations in one or more of these genes occur in different combinations in each individual with ASD, leading to this diverse genetic architecture and perhaps partly underlying the spectrum of behavioral phenotypes. One biological mechanism underlying ASD etiology for which there is the strongest support, at least at the genetic level, is dysfunction at the synapse and synaptic function [Flavell et al., 2006; Kelleher and Bear, 2008; Toro et al., 2010] . In addition, the broad expression and function of ASD causative genes in the brain suggests that alteration of synaptic homeostasis could be a biological process associated with ASD [Toro et al., 2010] . Moreover, other altered biological processes, such as developmental delay, synapse structure, neuronal connectivity and neural circuits, underlie ASD [Berg and Geschwind, 2012] . By studying these changes, important insights will be made into human brain evolution as well as these cognitive disorders. As language and communication are disrupted in ASD, and language is a human-specific trait, these studies should provide insight into the genetic and molecular pathways underlying language. In addition, the disruption to social cognition and theory of mind (ToM) in ASD (as well as schizophrenia and other cognitive disorders) [King and Lord, 2011] likely has evolutionary underpinnings as ToM is thought to have undergone specialization or sophistication in the human brain, along with other social capacities [Shettleworth, 2012; Seyfarth and Cheney, 2013] . Therefore again, gaining insight into circuits and mechanisms at play in ToM will not only provide information relevant to ASD, but also to human brain evolution.
Current Approaches of ASD Research
To address the molecular mechanisms underlying ASD and other cognitive disorders, a 'traditional' approach has been to take patient samples (typically blood), identify gene mutations, and then make a similarly modified mouse. These mice demonstrate construct validity if they carry a mutation in a gene that has some support in the human genetics literature. Also, face validity reflects the fact that the mouse bears some physical or behavioral resemblance to the human disorder. Finally, predictive validity indicates a similar response to a therapy that is known to be effective in people [Silverman et al., 2010; Crawley et al., 2012] ( fig. 1 a) . As the diagnostic criteria for autism are behavioral, phenotyping these mouse models requires behavioral assays with high relevance to each category of the diagnostic symptoms. For example, a comprehensive set of assays for social interaction, communication and repetitive behaviors is used. Based on many previous studies, mouse models hold great promise as translational tools for discovering effective treatments for components of ASD [Silverman et al., 2010] . Many of the well-characterized mouse models of ASD have some degree of construct and face validity, and occasionally have predictive validity. However, a major problem for using the mouse for these kinds of basic and translational studies is that there are many differences between human and mouse brains, including morphology and function. For example, aside from the obvious difference in relative brain size between humans and mice, specialized pyramidal neurons (von Economo neurons) in the anterior cingulate cortex and frontoinsular cortex are not found to be morphologically similar in the mouse brain, if indeed they are comparable cells [Allman et al., 2010] , neuronal dendritic spine density does not vary among cortical regions in mice, unlike that which is found in primates [Ballesteros-Yanez et al., 2006] , and hemispheric lateralization that results in a functional outcome, such as paw preference, is limited in the mouse . Thus, it is not entirely surprising when clinical trials based on studies in mice fail in people. The mouse as a model system is still useful, but we assert that using an evolutionary approach will give this model increased power.
Evolutionary Approaches to Understanding HumanSpecific Cognitive Disorders
Language is arguably the most compelling and unique feature of human evolution, and as discussed above it is also disrupted in many cognitive disorders [Ullman, 2001] . How can we uncover the origins of human language at a genetic and molecular level and obtain effective insights into neurodevelopmental disorders such as autism from this information? Many previous studies of human brain evolution have focused on neuroanatomical and behavioral comparisons. These approaches are necessary for building the context upon which molecular and cellular comparisons can be placed. We and others are trying to decode the molecular evolution of human brain evolution and cognition by collating comparative gene expression and regulation data with neuroanatomical and behavioral data [Konopka and Geschwind, 2010; Buckner and Krienen, 2013; Somel et al., 2013] . Here, we discuss insights into the genetics and genomics of human brain evolution generated through the use of technological advances in sequencing.
One strategy is a candidate approach. Can changes to a single gene dramatically alter a complex human trait? As discussed below, a prime candidate, FOXP2 , is associated with language and speech, and may be involved in brain mechanisms underlying human-specific features and brain evolution [Lai et al., 2001; Fisher et al., 2003] . It is possible to assess the evolution of single genes by comparing nucleotide changes across multiple species [Chimpanzee Sequencing and Analysis Consortium, 2005; Konopka and Geschwind, 2010] . Moreover, to investigate human evolution, focusing on the genes with human-specific modifications should be an effective evolutionary approach ( fig. 1 b) .
The second strategy is a hypothesis-generating approach. This approach to human brain evolution and cognitive disorders works from the hypothesis that vulnerability to disorders of cognition emerged as a consequence of the evolution of cognition itself. In contrast to other approaches, this strategy uses evolutionary information such as comparative genomics conducted with high throughput sequencing technologies and humanized transgenic animals ( fig. 1 b) . High throughput sequencing technologies known as next-generation sequencing (NGS) include techniques such as chromatin immunoprecipitation coupled to DNA sequencing (ChIP-seq), RNA-seq and de novo genome assembly, and they can be used to view human genome evolution at high resolution and to identify novel coding and noncoding information for regulation of gene expression in the human lineage [Konopka and Geschwind, 2010; Somel et al., 2013; Telese et al., 2013] . Thus, NGS facilitates the comparison of genomes among different species for evolutionary comparisons relevant to human-specific cognitive disorders. Changes in DNA sequences, gene expression, noncoding RNAs and functionally relevant ontological categories can all be discovered as specific to one species. To examine the function of the identified genes relevant to human brain evolution, cultured neuronal cells and human neural progenitors for in vitro assays [Konopka et al., 2012a] , and transgenic, humanized ani- An evolutionary approach to investigating human-specific cognitive disorders. a A typical approach for studying cognitive disorders is to identify the responsible genes and/or mutations using patient data. Genes and/or mutations identified are then analyzed using a mouse model, and elucidation of pathogenesis and treatment is established using the mouse. b In contrast, an evolutionary approach is based on comparative genomics from humans and other primates. From these studies, human specializations are identified and phenotypes focusing on genomics, development, neuronal differentiation and activity, and behaviors using human cells and mouse models are analyzed. Eventually, these human specializations are generated in humanized animals and genes important in cognitive disorders can be simultaneously manipulated to develop novel treatments. [Enard et al., 2009] . In particular, humanized mice are a powerful and useful tool for understanding human gene function in vivo due to the cost and available tools and datasets relevant to mice ( fig. 1 b) . Such advances will transform our understanding of many neurological processes, including novel findings of neuronal identity, diversity and connectivity in the human brain. However, many of these studies need to be designed and interpreted with caution. For example, other changes dependent on the species' overall genetic profile may be necessary for functioning of the human variant to mimic human patterns. One could imagine cofactor expression and splicing variation in cell type-specific manners across species playing an important determinant on outcome. The generation of animals with multiple humanized genes may alleviate some of these issues, but most likely not all.
FOXP2 in Human Brain Evolution and Cognition
Involvement of FOXP2 in Speech and Language, a Hallmark of Human Evolution
The gene encoding forkhead box P2, or FOXP2 , was first identified in the KE family, a large multigenerational family with an inherited speech and language phenotype [Lai et al., 2001] . Mutations in the gene encoding FOXP2 have been linked to speech and language through alterations in the ability of patients to complete complex orofacial sequential movements required for normal speech [Lai et al., 2001; Marcus and Fisher, 2003; Vargha-Khadem et al., 2005; Bacon and Rappold, 2012] . With the exception of echolocating bats where FoxP2 has undergone accelerated evolution in regions of the protein with unknown functional significance [Li et al., 2007] , FOXP2 is highly conserved among mammals, but two novel amino acids, T303N and N325S, arose in the protein sequence when the common ancestor of humans and chimpanzees diverged [Enard et al., 2002] . The timing of these changes suggests that these two alterations in the human protein may have contributed to an acceleration in the evolution of FOXP2 functions, including the mechanisms underlying acquisition of language and speech [Enard et al., 2009; Konopka et al., 2009] ( fig. 2 a) . While it would be interesting to hypothesize as to why FoxP2 has undergone accelerated evolution in two lineages (bats and primates) in two distinct areas of the protein, the lack of understanding of the brain circuitry underlying language and echolocation and how to compare these behaviors would make any hypothesis extremely speculative at this point. So, we here discuss FOXP2 function as a unique human feature within the latest view of human brain evolution.
The two 'human-specific' amino acid changes in FOXP2 discussed above were also confirmed in Neanderthals [Krause et al., 2007; Green et al., 2010] and Denisovans [Reich et al., 2010] , indicating that the molecular evolution of FOXP2 occurred on the hominin lineage prior to the emergence of Neanderthals and Denisovans approximately 500,000 years ago. In a further study of Neanderthal FOXP2 compared to modern human FOXP2, a change in intron 8 of FOXP2 , which is a binding site of POU3F2 transcription factor, was identified as differing in modern humans and Neanderthals [Maricic et al., 2013] . This change in the POU3F2 binding site could possibly alter the regulation of FOXP2 expression. In addition, genomic comparisons of Neanderthals to modern humans have identified other genomic regions as candidates for positive selection in modern humans, including genes involved in cognition, metabolism and skeletal development. In this study, 88 amino acid substitutions that have become fixed in modern humans since divergence from Neanderthals were identified . Thus, even small changes in human genome evolution may ultimately influence higher cognitive function and language. Such changes are particularly pertinent as many cognitive disorders are diseases unique to humans [Varki and Altheide, 2005; O'Bleness et al., 2012] , indicating that they were acquired in exchange for higher cognitive function. Indeed, while genetic variation in FOXP2 itself has weak association to ASD, FOXP2 regulates genes that are disrupted in ASD, such as CNTNAP2 , MET and many more [Vernes et al., 2008; Mukamel et al., 2011; Bowers and Konopka, 2012; Lepp et al., 2013] . Thus, studies of FOXP2 function should ultimately uncover some of the molecular bases underlying language and speech, notably those changes relevant to human brain evolution and cognition.
FOXP2 Function and Spatiotemporal Expression
FOXP2 is a member of the family of forkhead transcription factors, and it regulates gene expression by binding to DNA either as a homodimer or as a heterodimer with FOXP1 or FOXP4 [Li et al., 2004] . FOXP2 is Fig. 2 . Molecular evolution and function of FOXP2 in the brain. a Schematic evolutionary tree, indicating the evolution of the human genome. The diagrams show the amino acid structure of FOXP2 of modern human/Neanderthal/Denisovan, compared to chimpanzee/gorilla/orangutan/marmoset and mouse, with evolutionarily changed amino acids T303N and N325S indicated in red (right; colors refer to the online version only). A primate-specific change is also shown at D80 (blue). b FOXP2 mRNA expression is schematically represented in human fetal brain. FOXP2 expression is enriched in the striatum, deep layers of the cortex, thalamus and cerebellum. c Schematic expression of FOXP2 throughout human brain development. Data are derived from Kang et al. [2011] . d Summary diagram indicating the relationships between the molecular evolution of FOXP2 and higher cognitive functions. Ctx = Cortex; Str = striatum; CB = cerebellum. highly expressed in the striatum and deep layers of the cortex [Ferland et al., 2003; Campbell et al., 2009] ( fig. 2 b,  c) . These regions of the human brain execute important roles in higher brain functions; for example, frontal-striatal circuits are frequently disrupted in human-specific disorders, such as ASD and schizophrenia, often through dysregulation of dopamine signaling [Hyman et al., 2006; Money and Stanwood, 2013; Russo and Nestler, 2013] . In addition, FOXP2 affects both neurogenesis, through regulation of the transition of radial glial cells to intermediate progenitors in the subventricular zone (SVZ), and neuronal differentiation, particularly neurite outgrowth during embryonic stages [Vernes et al., 2011; Tsui et al., 2013; Chiu et al., 2014] . Together, these studies suggest FOXP2 may be involved in the increase in human brain volume by regulating the number of intermediate progenitors in the inner SVZ and outer SVZ [Hansen et al., 2010] . Furthermore, FOXP2 modulates excitatory synapse density in the cortex as well as vocalization by controlling expression of the language-associated gene SRPX2 , mutations of which cause disorders of language, epilepsy and cognition [Roll et al., 2006 [Roll et al., , 2010 Sia et al., 2013] . FOXP2 expression is also observed in the cerebellum, a region of the brain with a role in ASD [Becker and Stoodley, 2013] . In the cerebellum, FOXP2 expression is limited to Purkinje cells, and the dendritic arbor of these neurons is greatly diminished in Foxp2 knockout mice [Ferland et al., 2003; Shu et al., 2005; Campbell et al., 2009] ( fig. 2 b, c) . Purkinje cells send inhibitory projections to the deep cerebellar nuclei, the sole output of all motor coordination in the cerebellum, suggesting that this critical neural pathway plays an important role in motor function and speech production. Along these lines, Foxp2 knockout mice show a reduced size of the cerebellum and disruptions to global motor function that include alteration in the ability to vocalize [Shu et al., 2005] . Taken together, FOXP2 is expressed in the right place at the right time in the brain ( fig. 2 c) to play a number of roles important for brain development and for orchestrating construction of brain circuits that are frequently disrupted in disorders of cognition.
Functional Changes of Human FOXP2
In order to study the functional consequences of the molecular evolution of FOXP2, Enard and colleagues generated a humanized FOXP2 mouse containing the human-specific amino acids T303N and N325S. This resulted in a number of remarkable phenotypes, including increased dendrite length and increased long-term depression in medium spiny neurons of the striatum, as well as altered structure of pup isolation calls [Enard et al., 2009] . Furthermore, reduced dopamine levels were also observed in the humanized FOXP2 mouse, compared to the opposite result in Foxp2 heterozygous mice [Enard et al., 2009] . This supports the idea that human FOXP2 plays an important role in frontal-striatal circuits that have evolved in the human brain, as such circuits are often described in relation to language and speech through dopamine signaling [Ullman, 2001; Tettamanti et al., 2005; Murugan et al., 2013] . Hence, just two amino acid changes in human FOXP2 can lead to significant alterations in brain function.
Another report characterized the functional differences in transcriptional regulation by human FOXP2 compared to chimpanzee. Altered human FOXP2 function was demonstrated by conferring differential transcriptional regulation in vitro, and then these observations were extended to in vivo by using human and chimpanzee brain gene expression with network analysis to identify novel relationships among the differentially expressed genes. Notably, this study demonstrated that human FOXP2 drives differential target gene expression, and many of these targets are implicated in motor function, craniofacial formation, and cartilage and connective tissue formation, processes which may have ultimately been critical for the evolution of speech and language [Konopka et al., 2009] .
As described above, FOXP2 acquired novel functions through two amino acid changes that occurred during hominin evolution. However, the role of FOXP2 is highly conserved among species for normal brain development and functions such as learning, memory and vocalization. For example, genes regulated by FOXP2 in frontal-striatal circuits for sensory-motor integration might also be similarly regulated by FoxP2 in songbird, mouse and other primates. In fact, recent work has shown that alterations in dopamine and vocalizations in songbird correlate with changes in dopamine pathwayrelated gene expression [Murugan et al., 2013] , which fits with previously identified changes in dopaminerelated genes in mice and humans [Spiteri et al., 2007; Konopka et al., 2009; Vernes et al., 2011] . In contrast, we assert that the genes specifically regulated by human FOXP2 are more likely to be important for language and cognition ( fig. 2 d) . In summary, FOXP2 is one of potentially many key genes expressed in the brain that have mediated increased cognitive function during human evolution.
Genomics Studies for Human Brain Evolution and Cognition
Approaching the Study of Human Brain Evolution
Although FOXP2 has been shown to play a significant role in human speech and language at least partly through the acquisition of functional changes to its protein sequence, mutations in protein-coding genes cannot fully account for the cognitive differences between humans and non-human primates, as evidenced by the high similarity between the human and chimpanzee genomes revealed by sequencing [Chimpanzee Sequencing and Analysis Consortium, 2005] . It has long been postulated that changes in gene regulatory mechanisms, and therefore gene expression patterns, have driven human molecular evolution [King and Wilson, 1975] , and indeed studies have shown important differences related to gene expression between humans and chimpanzees [Khaitovich et al., 2006] . Therefore, characterizing the evolution of human cognitive capabilities and disorders requires methods to analyze differences in gene regulation on the human lineage.
Examining differential expression levels of genes between humans and non-human primates can reveal important information about human brain evolution, for example that it primarily involved acceleration in the rate of gene expression changes as well as upregulation of genes [Preuss et al., 2004] . However, a limitation of differential expression analysis lies with its treatment of genes as independent entities rather than a network of players that work in concert to execute complex biological processes. Because this type of analysis results in a simple list of genes that precludes their prioritization for further study, an alternative approach is needed to tease out the relationships among genes and discover underlying structure to large-scale gene expression data sets. A recent method for this purpose is WGCNA, which takes a global approach to systematically study the interconnectedness of genes and organize them into modules with functional interpretations [Zhao et al., 2010] . By disclosing the large-scale coexpression relationships between genes, WGCNA can be a powerful tool for the study of gene regulation changes specific to human cognitive evolution and disorders.
The Power of WGCNA In the context of evolution, the approach of WGCNA can reveal changes in gene regulation that allowed for the modification of human cognitive ability. Many gene expression relationships cannot be observed by using straightforward measures of differential gene expression, or even with added functional analyses using gene ontology approaches among primate brains. This is likely due to the fact that the relatively small evolutionary distance among primates has not permitted widely differential gene expression patterns to evolve, but small changes among groups of genes can occur and result in profound functional changes in expression in the brain. In contrast, any differential gene expression profiles that are observed among primates, especially those that change on the human lineage, are likely more highly significant in terms of functional consequences unless compensatory mechanisms have also evolved. After measuring expression levels of genes across multiple samples, for example human brain tissue, WGCNA can be applied to build a network module consisting of highly interconnected or 'hub' genes, as well as information about the direction of any given coexpressed pair of genes relative to one another ( fig. 3 a) . Further generation of network modules from non-human primates, such as chimpanzees and macaques, can reveal gene relationships that arose on the human lineage after its split from the other lineages ( fig. 3 a) . In addition to showing the connectedness of genes within a module, WGCNA can lead to comparisons between modules and expose evolutionary relationships among primates. For example, between humans and chimpanzees, analysis of frontal pole (FP) and caudate nucleus (CN) module preservation reveals less conservation of FP modules than CN modules, reflecting the recent expansion and modification of FP in human evolution [Dumontheil et al., 2008; Semendeferi et al., 2011; Konopka et al., 2012b] ( fig. 3 b) . This pattern of FP and CN module preservation also arises after comparison of humans and macaques, and this comparison shows an overall lower module preservation, reflecting the larger evolutionary distance between humans and macaques [Konopka et al., 2012b] ( fig. 3 b) .
Thus far, WGCNA has been employed in several studies comparing humans and non-human primates in order to gain insights into human brain evolution. A comparison of human and chimpanzee brain regions resulted in the identification of human-specific network connections, and also showed that module conservation in the cortex is weaker relative to subcortical areas in accordance with known evolutionary hierarchies [Oldham et al., 2006] . A later study utilized the power of NGS to find that, relative to both chimpanzee and macaque, the human frontal lobe exhibits differential expression of genes as well as an increase in transcriptional complexity [Konopka et al., 2012b] . Moreover, a human-specific frontal lobe module containing the circadian gene CLOCK was identified, and another frontal lobe module containing genes coexpressed with FOXP2 was found to be enriched for neuronal morphological processes [Konopka et al., 2012b] . Human-specific patterns of gene expression during brain development have been identified by a recent analysis of the fetal human neocortex, and hub genes from these developmental modules have been examined in fetal macaque brain tissue to identify potentially conserved or evolved functional relevance [Pletikos et al., 2014] . In addition to identifying gene expression differences between species, WGCNA has been used to uncover modules within the human brain relating to cell type and fetal development [Johnson et al., 2009 ] that can be queried for future studies across primates. Altogether, these studies demonstrate the utility of WGCNA in revealing patterns of gene expression not evident based on differential expression analysis alone, and they provide evidence that gene networks between and within brain regions undergo remodeling over the course of evolution.
WGCNA has also been utilized to investigate the genetic bases for human-specific cognitive disorders that are difficult to model using traditional approaches. One study demonstrating the utility of human neuronal progenitors revealed that a significant number of ASD candidate genes are coregulated over the course of neuronal differentiation, providing insight into the signaling pathways disrupted in ASD [Konopka et al., 2012a] . Multiple studies using postmortem brain from patients with ASD or schizophrenia have found differences in gene coexpression networks relating to neurodevelopmental processes [Torkamani et al., 2010; Voineagu et al., 2011; Roussos et al., 2012; Chen et al., 2013] . In addition, WGCNA has been applied to study neurodegenerative disorders including Alzheimer's disease [Miller et al., 2008 [Miller et al., , 2010 and frontotemporal dementia [Rosen et al., 2011] . More recent studies have employed both WGCNA as well as other similar network methods to synthesize genetic information with spatial and temporal gene expression transcriptomes in the human brain [Parikshak et al., 2013; Willsey et al., 2013; Liu et al., 2014; Tebbenkamp et al., 2014] . These studies make critical insights into disease biology by uncovering patterns of gene expression linked with specific genetic etiologies in ASD and other neurodevelopmental disorders. Identification of the gene networks disrupted in human-specific disorders will provide targets for therapeutic treatment as well as insights into the evolution of human-specific cognitive functions. 
Future Directions for Studies at the Functional Genomics Level
A wealth of information regarding the origins of human cognition remains to be uncovered through the use of advanced genomics techniques. Previous identification of human-specific gene expression patterns prompts further investigation of their effects on brain function. As mentioned before, the central gene in a human-specific FP network is CLOCK , a circadian gene encoding a transcription factor that is implicated in neuropsychiatric disorders [Coque et al., 2011; Menet and Rosbash, 2011; Konopka et al., 2012b] . Thus, identifying CLOCK transcriptional targets and patterns of regulation unique to the human brain should prove informative for understanding human evolution and disorders. Additionally, the human genome has demonstrated accelerated recruitment of newly emergent brain development genes [Zhang et al., 2011] , prompting the question of whether these young genes contribute more to human-specific neocortex evolution or to overall primate neocortex evolution.
Another approach to studying human evolution may be to identify physiological features uniquely altered on the human lineage and to design strategies that elucidate the genetic programs mediating their development and function. For example, dendritic spines are increased both in number [Elston et al., 2001 ] and density [Duan et al., 2003 ] on human neurons compared to macaque neurons. In addition, humans have increased numbers of spines and dendritic branching compared to chimpanzees, although spine density is not different [Bianchi et al., 2013] , and human-specific duplications of SRGAP2 have been linked to changes in spine maturation [Charrier et al., 2012; Dennis et al., 2012] . Network analysis may provide additional molecular correlates for these anatomical differences, which can be functionally investigated through the use of primary cultures, such as human neural progenitors. In addition, recent advances using induced pluripotent stem cells from a range of primates, including human, chimpanzee, gorilla and bonobo, have demonstrated the utility of these cells for the study of molecular evolution [Marchetto et al., 2013; Wunderlich et al., 2014] . Induced pluripotent stem cells from multiple primate species that are induced to become neurons can be harnessed for studying the role of evolutionarily relevant genes on neuronal differentiation and function.
Future Directions
Comparative genomics studies of the primate brain have been limited by the availability of appropriate highquality tissue samples from humans and great apes. Unfortunately, this problem will likely only continue to worsen as chimpanzee breeding is no longer supported by any government agency and other primate species face imminent extinction. With remaining tissues, however, it will be important to expand the regions queried as well as the developmental time points examined. In addition, gene expression profiling at the single cell level should resolve the cellular heterogeneity issue at play in most of the brain. Finally, although not discussed in detail here, increased knowledge of the comparative regulatory regions of the genome, including the epigenome, and noncoding RNAs will certainly add to our understanding of human-relevant gene expression and regulation. Furthermore, novel insights into mapping connectivity and activity in the human brain by the Human Connectome Project together with resting-state fMRI or diffusion tensor image (DTI) studies will be informative as well ( fig. 4 ) . Diverse approaches that marry expression, whether it be by using RNA-seq, in situ hybridization or immunohistochemistry, together with functional and connectivity imaging studies, will ultimately lead to a treasure trove of knowledge about human brain evolution and cognition. Translating this information into working knowledge of the brain that can be harnessed for therapeutic development will be challenging, but not unachievable. By utilizing information about our brains' evolutionary history, we will hopefully change our futures through the treatment and potential cure of cognitive disorders.
